Developmental stage-dependent modulation of synapses by postsynaptic expression of activated calcium/calmodulin-dependent protein kinase II.
In Drosophila neuromuscular junctions, there is a unique system which consists of two neighboring muscles (M6 and M7) innervated by the same neurons and a gene of interest can be expressed in only M6 or in both muscles by GAL4-upstream activating sequence expression system. By using this system, we previously demonstrated that expression of activated calcium/calmodulin-dependent protein kinase II (CaMKII) in the muscle cell promotes coordinated maturation of pre- and postsynaptic sites of larvae just after hatching (JAH larvae) in a synapse-specific manner. Here we show that the promotive effects are no longer seen in the older larvae, 8-10 h after hatching (8 h AH larvae). Morphological studies indicate that CaMKII activation in fact reduces postsynaptic sites at 8 h AH. This is opposite to the effect observed in JAH larvae. These results suggest that the mode of CaMKII function switches during development, and that regulation of postsynaptic CaMKII activity is necessary for normal synaptic development. Finally, we report that in 8 h AH but not in JAH larvae, synapses on M7, in which CaMKII activity is not manipulated, are affected by the expression of activated CaMKII in M6. This suggests the interesting possibility that at certain developmental stages only, modification of synapses on one target cell can influence the synapses on another target cell innervated by the same neurons.